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Abstract 
It is well recognized that the generalized extreme value (GEV) distribution is widely used for any extreme events. This notion is
based on the study of discrete choice behavior, however, there is a limit for predicting the distribution at ungauged sites. Hence,
there has been studies on spatial dependence within extreme events in continuous space using recorded observations. We model 
the annual maximum daily rainfall data consisting of 25 locations for the period from 1982 to 2013. The spatial GEV model that 
is established under observations is assumed to be mutually independent because there is no spatial dependency between the 
stations. Further, we divide the region into two regions for a better model fit and identify the best model for each region. We
show that the regional spatial GEV model reflects the spatial pattern well compared to the spatial GEV model over the entire 
region as the local GEV distribution. The advantage of spatial extreme modeling is that more robust return levels and some 
indices of extreme rainfall can be obtained for observed stations as well as for locations without observed data. Thus, the model
helps to determine the effects and assessment of vulnerability due to heavy rainfall in northeast Thailand. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
A key insight into the spatial data analysis is that observations in space cannot typically be assumed to be 
mutually independent and that those observations that are close to each other are likely to be similar. Hence, the 
purpose is to model spatial dependence within extreme events in continuous space using recorded observations. 
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Previous studies had observed the spatial (or spatial temporal) characterization of extreme values. Further, De Haan 
(1984) proposed a stationary Max-stable process (MSP), a stochastic process in which all finite-dimensional 
distributions are multivariate extreme value distributions. Several studies have suggested some methods for 
addressing spatial extremes based on MSP. Blanchet and Davison (2011), Davison et al. (2012), Gaume et al. (2013) 
and Lee et al. (2013) applied the MSP to extreme events. Cooley et al. (2007) and Sang and Gelfand (2009) used a 
Bayesian hierarchical model, which assumes that the extreme value at each location follows a univariate GEV 
distribution and the parameters of this distribution follow a spatial model as an alternative way to introduce spatial 
dependence. However, observations in this paper are assumed to be mutually independent because there are a few 
spatial dependency between stations. Sharmar and Babel (2013) described that there is less spatial coherency in 
extreme indicators for western Thailand. 
2. Study Area and Data 
2.1. Study area 
The study area is located in the northeastern region or northeast plateau of Thailand. The Northeast of Thailand 
has a tropical semi-humid dry-savannah climate with three seasons (viz. summer, rainy and winter). The 
precipitation normally occurs during the southwest monsoon, the Inter Tropical Convergence Zone (ICTZ) and the 
tropical cyclone which start from mid-May to mid-October. May is the period of the first arrival of southwest 
monsoon and the ITCZ, rainfall occurs periodically, at the end of June till the beginning of July the amount of 
rainfall will reduce due to the northward movement of the ICTZ to southern China. Afterward during middle July 
till September or October, the amount of rainfall increases again because of tropical cyclone.  
Fig. 1. The location of weather stations in northeast Thailand. 
2.2. Meteorological data 
The daily data was observed from 25 weather stations between 1983 and 2013, 31 annual maximum daily 
rainfall from each station . All stations in the northeast region of Thailand are plotted in Figure 1. Although the 
weather stations appear to be well distributed, some weather stations are located in a proximal distance from one 
another.  
3. Modelling Methodology 
The Generalised-Extreme Value (GEV) distribution is used to model the statistical behaviour of block maxima 
data [7], which implies that the most amount of rainfall in a day during the year. It is conveyed that for a sufficiently 
large number of block size , the cumulative distribution function converges in the distribution to the GEV distribu- 
tion. A histogram of the block maxima for this research over the entire region, indicating that the shape tail is thick 
to the right than the normal distribution; thus, the GEV distribution is appropriate. 
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3.1. The GEV distribution 
The GEV distribution is a well-known statistical model for extreme value. It contains all three possible 
distributions for block maxima, i.e., the Gumbel, the Fréchet and the Weibull distribution. The cumulative 
distribution function of the GEV distribution is given by 
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where Ɋǡ ɐ and Ɍ are the location, scale and shape parameters, respectively. The cases with Ɍ ൐ Ͳ, Ɍ ൌ Ͳ, Ɍ ൏ Ͳ are 
known as the Fréchet, the Gumbel and the negative Weibull distribution.  
3.2. The spatial GEV model 
The main idea of the spatial GEV model is that the GEV parameters can be explained by covariates. This spatial 
GEV model is defined as follows: 
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where the GEV parameters are defined. The longitude, latitude and altitude are regarded as the geographic 
covariates in this research. Further, the return levels and their standard errors are calculated in the same way as in 
the GEV distribution. The advantage of this model is its ability to predict the parameters of the GEV distribution at 
ungauged sites. 
4. Results 
4.1. The local GEV distribution 
We establish the 25 local GEV distributions based on extreme rainfall data from 25 weather stations. As a result 
of the Wald test, the station Buri Ram (436401) and Roiet (405301) follow the negative Weibull distribution, and 
the station Mukdaharn (383201) follows the Fréchet distribution. Excluding the mentioned sites, the Gumbel 
distribution is appropriate for other 22 stations. That is, the extreme daily rainfall data in most parts of northeast 
Thailand follow the Gumbel distribution. The range of location parameter is (68.82, 125.78) and the range of the 
scale parameter is (16.84, 37.28). Nakhon Phanom (357201 and 357301), Ubon Ratchathani (407501) and Khon 
Kaen (381301) areas show a relatively high rainfall than nearby area as peak. So, we divide stations into two groups 
for further analysis. Station A is a set of stations with a relatively high level of return level and station B is the 
remaining stations. The set of station A consists of 7 weather stations.  
4.2. Regional spatial GEV model 
There is a shortage in order to explain extreme rainfall using the spatial GEV model over the entire region. Thus, 
we establish two regional spatial GEV models based on the set of station A and station B. The regional spatial GEV 
model using the set of station B is a reflection of the spatial GEV model over the entire region, even when there is a 
difference; the regional spatial GEV model using the set of station A seems to be a special case according to the 
altitude. 
There is a problem as to how to predict the parameters of the GEV distribution at ungauged location using two 
different regional spatial GEV models. We calculated the weighted average of two regional GEV models based on 
distance. The weight is given by the inverse of the minimum distances from the ungauged location to station A and 
station B (Fig. 2). 
4.3. Conclusion 
Two models, the local GEV distribution and the spatial GEV model, based on the extreme rainfall data in the 
northeast region of Thailand are established. The spatial GEV model can predict the parameters of the GEV 
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distribution and return level at any region, even if there is no meteorological observations. In addition, the standard 
error of parameters and return level in the spatial GEV model is much smaller than local GEV distribution at the 
observed sites because the spatial GEV model is established using the observations of every station. Therefore 
spatial extreme model affords more robust return level. 
There are many points for discussion, such as detecting changes over time. However, addressing these challenges 
may be the first step to delve further into the study. Moreover, it requires increased collaboration between climate 
scientists and statisticians. 
Fig. 2. The contour maps for estimated return levels corresponding to 10-year, 20-year, 50-year, and 100-year return periods obtained from the 
two regional spatial GEV models. 
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